The phylogenetic interrelationships of members of the genus Listeriu were investigated by using reverse transcriptase sequencing of 16s rRNA. The sequence data indicate that at the intrageneric level the genus Listeria consists of the following two closely related but distinct lines of descent: (i) the Listeriu monocytugenes group of species (including Listeriu innocuu, Listeria ivunovii, Listeriu seeligeri, and Listeriu welshimeri) and (ii) the species Listeriu gruyi and Listeria murruyi. At the intergeneric level a specific phylogenetic relationship between the genera Listeriu and Brochothrh was evident. The sequence data clearly demonstrated that the genus Listeriu is phylogenetically remote from the genus Lactobacillus and should not be included in an extended family Lactobucilluceue.
The genus Listeria consists of gram-positive, nonsporeforming, facultatively anaerobic, regular rod-shaped bacteria. For many years a monospecific genus, this taxon currently contains seven species, Listeria monocytogenes, Listeria grayi, Listeria innocua, Listeria ivanovii, Listeria murrayi, Listeria seeligeri, and Listeria welshimeri (23, 25) . The species previously named Listeria denitrijicans has recently been reclassified in the new genus Jonesia, which is a member of the order Actinomycetales (23). Although the relationships among species in the genus Listeria are now clear (21, 25) , the higher relationships between the genus Listeria and other gram-positive taxa remain equivocal. Until the mid-1970s the genus was traditionally associated with the coryneform group of bacteria. However, the results of numerical phenetic studies (although somewhat contradictory in detail) have pointed toward a relationship between the genus Listeria and the lactic acid group of bacteria (8, 12, 16, 28, 31) . In the extensive numerical study of Wilkinson and Jones (31) , listeriae clearly clustered not with the coryneform group of bacteria but with lactobacilli and Brochothrix thermosphacta, and these authors stated that the genus Listeria should be included in the family Lactobacillaceae. Chemotaxonomic criteria (in particular the presence of respiratory menaquinones and predominantly methylbranched cellular fatty acids) support a close relationship between the genus Listeria and the genus Brochothrix but not between the genus Listeria and the genus Lactobacillus or other lactic acid bacteria (4, 5, 26). The results of 16s rRNA cataloging studies have also demonstrated that there is a close relationship between the genera Listeria and Brochothrix and have indicated that these taxa are only distantly related to the genera Lactobacillus and Streptococcus (18) . However, in a recent numerical phenetic study (12) members of the genus Listeria were found to be more closely related to certain lactobacilli and some asporogenous rodshaped bacteria (referred to as Thornley and Sharpe groups 2 and 3), which were assigned to the new genus Carnobac-* Corresponding author.
terium (3), than to the species B . thermosphacta. These findings are contrary to the results of chemical and molecular studies (5, 18) .
Sequencing of 16s rRNA with reverse transcriptase (17) is now being used increasingly as an alternative to oligonucleotide cataloging for elucidating the phylogenetic interrelationships of microorganisms. Reverse transcriptase sequencing produces larger and more reliable data sets than cataloging and provides a reliable method for determining phylogenetic interrelationships (34) . Therefore, in view of the controversial position of the genus Listeria and the limited amount of cataloging information available, we determined the 16s rRNA primary structures of all species of the genus and compared these structures with the structures of other representative low-G+C-content gram-positive taxa (including species of the genera Brochothrix and Carnobacterium) in an attempt to resolve the true phylogenetic position of the genus Listeria.
MATERIALS AND METHODS
Bacterial strains and cultivation. The strains which we examined are listed in Tables 1 and 2 . Listeria and Brochothrix species were grown in nutrient broth (Oxoid Ltd.) at 30°C. Species belonging to the genera Aerococcus, Carnobacterium, Enterococcus, Lactococcus, Streptococcus, and Vagococcus were grown in glucose yeast extract phosphate broth, whereas Lactobacillus species were cultivated in MRS broth (Oxoid Ltd.). Cultures were harvested in late exponential growth phase.
Extraction and analysis of rRNA. Harvested cells (ca. 2 g) were mechanically broken by using a Braun homogenizer, and rRNA was purified as described previously (10). Nucleotide sequences were determined by the dideoxynucleotide chain termination method (24) directly from rRNA, using reverse transcriptase (17) . The sequences of oligonucleotide primers specific for eubacterial 16s rRNA were as described by Lane et al. (17) and Embley et al. (10) . The sequences generated were aligned with the sequences of reference lactic acid bacteria (2, 6 , 7, 9, 19, 30, 32, 33), and homology values were determined by using the Beckman Microgenie 
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program (20). Nucleotide substitution rates (K,,, values) were calculated (15), and an unrooted phylogenetic tree was produced by using the algorithm of Fitch and Margoliash (13) contained in a program written by Felsenstein (11) .
Nucleotide sequence accession numbers. The 16s rRNA sequences have been deposited in the EMBL Data Library (accession numbers X56148 to X56156).
RESULTS AND DISCUSSION
The 16s rRNA sequences of the type strains of the seven currently described Listeria species were determined by reverse transcription. These sequences (consisting of a continuous stretch between 1,458 and 1,496 bases long) are shown in Fig. 1 . The L. monocyfogenes group of species and L. murrayi which we determined exhibited only six nucleotide differences (99.6% similarity). However, the sequences of these species exhibited considerably lower levels of similarity (ca. 96 to 97%) with the sequences of the members of the L. monocytogenes group (Table 3) . In order to ascertain the phylogenetic relationships of listeriae, the sequences of these organisms were aligned and compared with the 16s rRNA sequences of a number of reference lactic acid and other bacteria representing 10 genera (2,6, 7, 9, 19, 30, 32, 33) . Because of incompleteness of the 16s rRNA sequences of a number of the reference strains, homology calculations were based on a comparison of 1,340 bases (ranging from positions 107 to 1433 on the Escherichia coli numbering system) (1) ( Table 1 ). An unrooted phylogenetic tree constructed from derived K,,, (evolutionary distance) values by using the distance matrix method is shown in Fig. 2 . Members of the genus Listeria exhibited the highest degrees of sequence similarity with enterococci (ca. 92 to 94%) and members of the genus Brochothrix (ca. 93%) (Table 3) . However, it is evident from the branching pattern of the tree that the genus Brochothrix is the closest relative of the genus Listeria (Fig. 2) . Brochothrix thermosphacta and B . campestris exhibited ca. 98% sequence similarity with each other and, although closely related to listeriae, represent a separate genus. Members of the genus Listeria also exhibited relatively high levels of sequence similarity with members of the genera Bacillus (ca. 92%), Carnobacterium (ca. 91 to 92%), and Vagococcus (ca. 91 to 92%) ( Table 3) . Significantly lower degrees of sequence relatedness (ca. 87 to 89%) were found with lactobacilli, lactococci, and streptococci ( Table 3) .
The reverse transcription sequence data clearly demonstrate that at the intrageneric level the genus Listeria consists of two closely related but obviously distinct lines of rRNA sequence data clearly demonstrate that there is a specific phylogenetic relationship between the genera Listeria and Bruchothrix. The results of our analysis also indicate that the Listeria-Brochothrix subline is approximately equidistant from the Bacillus and Enterococcus-Carnobacterium sublines. The close relationship between the genera Listeria and Brochothrix is in accordance with the results of previous chemotaxonomic (5) and 16s rRNA cataloging (18, 22) studies. The members of the genera Listeria and Brochothrix differ markedly from lactobacilli in that they synthesize menaquinones and major amounts of methyl-branched fatty acids (5,12). Lactobacillus species lack respiratory quinones (with the exception of Lactobacillus mali) and synthesize predominantly straight-chain saturated and monounsaturated fatty acids (4). The results of our phylogenetic analysis are consistent with these chemotaxonomic differences and demonstrate that the Listeria-Brochothrix subline is only remotely related to the Lactobacillus group. Therefore, the reverse transcription sequence data do not support the suggestion (27, 31) that the genera Listeria and Brochothrix should be included in the family Lactobacillaceae. On the basis of current chemical and phylogenetic evidence, the Listeria-Brochothrix subline probably merits a separate family, the Listeriaceae.
